INTRODUCTION
Countries' production capabilities have long been considered a driver of long-term growth. In pioneering work, Hirschman (1958) showed capabilities to depend mainly on the existence of backward and forward linkages across products, in turn reflecting complex interactions between economies of scale and market size. More recently, Sutton (2001) argued that the success of modern industrialized economies ultimately rests on networked firms that enjoy the benefits of scarce capabilities. These are broadly defined as the working practices or know-how that make it possible to achieve high levels of quality or productivity. Such countries are therefore able to specialize in lucrative, high-wage activities which directly contribute to their long-run growth prospects and which are the main determinants of differences in the wealth of nations. Positive externalities from clustering and input-output linkages across manufacturing firms are then responsible for the regional concentration of capabilities, consistent with the literature on geography and trade (Fujita, Krugman and Venables, 1999) . Related to this is the literature on market structure, which argues that only a small number of leading firms can manage to gather sufficient clout to capture global markets (Sutton, 1998) .
Because of capabilities' complex and largely latent nature, direct measurement has not been possible. Only recently have Hausmann and Klinger (2006) proposed an indirect measure of capabilities, based on the notion that a country's productive structure can be deduced from its 1 observed profile of trade specialization. This approach is consistent with traditional trade theory relating trade specialization to resource endowments and available technology. The authors combine countries' international export data by products to obtain a representation of the product space that describes the global pattern of revealed comparative advantage. Relating a country's export profile to its location within this product space, inference is made about its scope to expand into new export products on the grounds of the production capabilities attributed to its current specialization profile. Hidalgo, Klinger, Barabási and Hausmann (2007) apply the tools of complex network analysis to visualize the product space as maps of relative product proximities. Hausmann, Hwang and Rodrik (2007) further show that countries' export structure and relative position within the product space explain differences in growth performance in a cross-section of countries. A country's current position within the product space is thus proposed as a leading indicator of its development prospects.
Despite the considerable resonance this line of research has had in applied development work 1 , it does not appear to have undergone much scrutiny in the subsequent economics literature. Yet it would appear that its main premise-that countries' capabilities can be deduced on the grounds of gross export values alone-may not be fully consistent with an established body of theoretical and empirical research emphasizing the important role of intra-industry trade in explaining global trade patterns. 2 More specifically, a substantial share of world trade is known to take place within rather than between production sectors. 3 Such trade is partly explained by horizontal product differentiation, where otherwise similar products are distinguishable according to certain taste attributes or varieties.
A similarly large share of intra-industry trade is characterized by differentiation among products of similar variety but of distinct quality. Roughly put, horizontal intra-industry trade constitutes the bulk of trade among countries at a similar level of development, such as within the European Union, whereas the existing evidence associates lower product quality mainly with the exports of countries at lower levels of income (Schott, 2004) .
1 The Asian Development Bank, jointly with the International Labor Organization and the Islamic Development Bank, has been applying the product space approach as one of the tools of its Country Diagnostics Studies (ADB-ILO-IDB, 2010). 2 See, for instance, Shaked and Sutton (1984) ; Sutton (1986) ; Greenaway and Torstensson (1997) ; Greenaway and Milner (2003) ; Fontagné, Freudenberg and Gaulier (2006) . 3 Brülhart (2009) estimates that, in 2006, 44 percent of global trade was intra-industry at the 3-digit level of disaggregation, and 27 percent was intra-industry at the 5-digit level of disaggregation.
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Failure to account for intra-industry trade in product space analysis undermines a more accurate representation of specialization patterns observed in world trade and distorts the attribution of capabilities according to countries' observed specialization. In particular, the exclusive reliance on export values precludes accounting for trade in product varieties as can be deduced from products' net exports and unit values. Taking into account net trade and unit values is thus likely to profoundly affect the key aspects of the product space, both with regard to its clustering of products according to relative proximities across product variety and quality and the assessment of countries' position in the space. Of particular interest are the implications with regard to the emerging economies that have arisen to dominate large shares of world trade in recent decades. China, notably, is found to have substantially diversified its export structure, which accelerated since its 2001 WTO accession (Baldwin, 2012) . In terms of the reflections on Chinas' occupancy of the product space, however, analytically relevant is not just the assessment of the country's shifts into previously unoccupied export products, but also the extent to which it has managed to evolve its trade profile into product varieties and qualities as its GDP per capita expanded and its role as a global export hub increased.
This paper extends product space analysis in two directions. To incorporate horizontal intraindustry trade, the exports-based indicator of Revealed Comparative Advantage (RCA) is replaced by an indicator based on net exports at the product level. To account for the quality of goods traded within industries, unit-value (UV) distributions are used to distinguish countries according to whether they trade in the high-or low-quality product variety. As a result, our analysis includes two dimensions identifying an economy's ability to expand its production and trade structure: horizontally, by moving to products in the product space that are within its reach, and vertically, by climbing up the UV ladder within or across products lines.
This marks a fundamental departure from the bi-dimensional nature of product space as defined by Hausmann and Klinger (2006) . By adding the unit-value dimension, inference can be made about the suitability of any country's set of capabilities to move vertically within the unit-value space, on top of horizontal movements. This appears particularly relevant to gauging countries' capabilities, as existing evidence points to a close association of low-income countries with the export of low-UV products (Schott 2004) . It could thus be expected that vertical unit-value, rather than just horizontal 3 constraints to movements by countries are present within the product space. Moreover, the combination of horizontal and vertical unit-value constraints to countries' productive adaptability are likely to compromise the feasibility of diagonal movements within the product space, as for example from the low-UV segments of one product to the high-UV segments of another. The analyses in Fontagne' et al. (2008) and Schott (2008) are both concerned mainly to infer upon the impact of competition from developing countries, and China in particular, on labor markets in the advanced countries. Export of different product varieties, they argue, stems against or at least qualifies widely felt fears in advanced countries' labor markets about strong and increasing competition from low-cost origins like China having been eroding jobs and wages at home. Our paper instead extends the insights from unit value analysis to an upgraded version of the product space, 4 which is also enhanced to reflect intra-industry trade. The extended product space is then applied to the assessment of the space occupancy by China and the U.S., compared to that in the original Hausmann-Klinger (2006) approach.
It should be noted that the analysis in this paper, albeit reflective of intra-industry and unitvalue trade falls short of fully taking into account the vertical nature of trade in parts and components and services associated with the international fragmentation of production. Such trade has become more prominent during the past three decades, with the progressive integration of world markets and the fragmentation of production across countries, and consequently the formation of global supply has significantly improved our capacity to measuring the phenomenon of vertical trade links across industries and countries. However, few developing countries and less than 60 industries are covered by these data, which is unsuitable for the finely disaggregated level of product space analysis, involving several thousands of products. Nevertheless, the approach promoted in this paper is suitable to capturing the horizontal dimension of intra-industry trade, as well as portions of supply-chain trade, to the extent that such trade occurs within the same product category as final goods trade. This will be the case for some of the trade in electric and electronics intermediates. Conversely, trade in auto parts and final assembly has been shown to scatter across a broader range of product categories, and an association of intermediates with final goods trade will be missed out on almost entirely by the 5 intra-industry measure's reliance on product-level net trade statistics alone (Ferrarini, 2013) . As a result, our intra-industry product space will overestimate a country's capabilities to the extent that they are reflective of imported parts and components, such as the processor, monitor, display and most of the other key electronic components embodied in an IPod assembled and exported by China to end consumers around the world (Dedrick et al. 2010) . Removal of this bias in product space analysis hinges upon the public availability in future of finely disaggregated input-output tables or industry data that would fully reflect global value chain trade, opening up important avenues of future expansion upon the analysis in this paper.
The paper is structured as follows. Section 2 outlines the Hausmann-Klinger (2006) product space and our enhancements for it to reflect intra-industry trade and unit value analysis. Section 3 computes the enhanced product space and compares its features with those of the original approach.
Particular focus will be given to the implications for China. Section 4 draws the conclusions and sketches out some of the issues for further research.
PRODUCT SPACE WITH INTRA-INDUSTRY TRADE
In a series of contributions, Klinger (2006, 2007) , Hausmann, Hwang and Rodrik (2007) , Hidalgo, Klinger, Barabási and Hausmann (2007) , Hidalgo and Hausmann (2009) and Hidalgo (2009) develop an appealingly simple method to establish the proximity of globally traded products according to the intrinsic production capabilities they embody. Proximity between any pair of products is defined according to the relative frequency with which they are jointly exported by countries having a revealed comparative advantage in those specific product categories. Products that countries export jointly are assumed to be reflective of the production capabilities of those exporting countries. After extrapolating production capabilities for all products according to the observed pattern of dyadic joint exports across countries, a country's relative position within the full set of product proximities is taken as a metric according to which its comparative production capabilities can be established, jointly with its potential to move into product categories which it has not yet occupied according to its revealed export profile.
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Central to this approach and its assessment of trade specialization is Balassa's (1986) index of Revealed Comparative Advantage (RCA), which relates a product's weight in a country's export basket to its weight with respect to some reference area, typically the world. Based on the RCA is the notion of capabilities, with respect to a country's opportunity to shift production and exports toward commodities it does not yet produce but which are deemed within reach on the grounds of the production and structure it currently displays. Two products are regarded as proximate in terms of the production capabilities they require when comparative advantage in one product tends to be associated with comparative advantage in the other and vice versa, based on the observed exports patterns across all countries. Depending on whether or not two goods are found to be exported jointly by countries with a RCA in these goods, an indicator for trade specialization in relation to any good j is defined as:
An index of proximity between goods i and j is then obtained from the conditional probability that countries specializing in the production of one commodity also specialize in the production of the other commodity, or 
The index of proximity between commodities i and j thus captures commodities' distance in the product space according to their joint profile of revealed comparative advantage. In turn, products' proximity is a measure of their -closeness‖ and relates to countries' ability to shift production from one into another on the basis of the pool of capabilities they have accumulated.
In each country c, the subset of products close to any given product i can be measured by the proportion of all paths leading to that product in which country c is present (Hausmann and Klinger, 2006) . This can be interpreted as the average proximity of a new potential product to a country's current productive structure. The higher is the density mass around a given product, the easier it 5 See Hausmann and Klinger (2006) for a discussion of the use of this measure of proximity between products. 7 would be for the country to adapt to the production of new products. Formally, the index of density of product i for country c is defined as:
A graphical description of the density of products according to their relative proximity is given by the product space. Hausmann and Klinger (2006) compare the product space with a forest, the trees of which can be thought of as representing different products. Proximity is then a measure of how close trees stand to each other, and a country's capacity to adapt to the production of a new commodity is akin to a forest monkey's ability to hop from one tree to another. The closer the trees or products, the easier it will be for a country to adjust extant capabilities to move into new lines of production. It follows that a country draws an advantage from being located in a relatively -dense‖ region of the product space, in terms of its capacity to branch out to new products.We amend the product space in two respects: by (i) substituting the Balassa indicator for a RCA indicator that reflects horizontal intra-industry trade, and (ii) by using product-level unit-value (UV) distributions across countries (ie. world-wide) to distinguish countries according to whether they trade in the highor low-quality product varieties. Specifically, we adopt the Lafay (1992) Finally, unit values are introduced to the analysis according to the cumulative distribution function of F of the unit values within each of the product categories, distinguishing a high-UV and a low-UV segment of the UV distribution separated by its median value UVm:
Similarly to the bi-dimensional case, proximity is defined across product categories, now with the additional distinction between high-UV and low-UV subcategories: with respect to a specific product according to whether their UV is found to be higher or lower than the cross-country median, according to equation ( 
To satisfy our analysis' requirement for a highly detailed product classification, up to 6 digits HS, we adopt the PRODY indicator in lieu of alternative classifications, such as the widely used Leamer categories. 9 The PRODY index is used throughout the subsequent analysis in order to classify products and country trade profiles according to productivity quartiles. According to equation (9) a product i will be assigned the highest PRODY quartile if it is traded with comparative advantage by countries within the highest income per capita quartile. By the same token, a country occupying the product space where the highest-quartile PRODY products are located is taken as resembling the typical trade profile of the highest-quartile income-per-capita countries. with an equal distribution of low and high UVs for the US. Equally revealing is the distribution of the RCA according to PRODY quartiles, which indicates that specialization is strongest for products 9 Leamer (1984) splits products into ten categories, such as capital-intensive and resource-intensive goods. However, these categories are defined according to 2-digit SITC classification, which does not provide the disaggregation that would be necessary for its use in this analysis. 10 The empirical work for this paper encompasses a detailed analysis of all the 144 countries included in the dataset. For reasons of space and focus, only results in relation to China and to a lesser extent the United States are presented in greater detail.
associated with the lowest PRODY quartile. This can be explained by the prevalence among lowincome countries of specialization in a few primary commodities. Indeed, the degree of specialization quickly drops as PRODY increases, down to 1.26 average in the fourth quartiles.
For the case of China, Table 1 shows increasing specialization when moving from the first to the second quartile, indicating that the country's trade profile has moved far beyond that associated with countries falling within the lowest quartile of per-capita GDP. However, the RCA is shown to fall by about a sixth when moving from the second to the third quartile of PRODY, and it drops considerably in relation to highest quartile. Overall, China's trade profile appears to be concentrated mainly in products associated with the first three quarters of the PRODY scale, but not yet in those products typically associated with the most affluent among trading countries. This is the case of the US, the trade specialization of which is shown to increase with higher quartiles of PRODY, and is highest for those products associated with the fourth quartile of PRODY.
Next we compute the Lafay index for all countries and all products, according to equation (4).
It should be noted that the Lafay index by construction takes zero as its mean, hence a summary table as for the Balassa-based results in Table 1 is not particularly revealing. Instead, Table 2a Table 2b indicates that Spearman correlation is higher for individual countries, particularly when based on the less disaggregated HS4 data set. Overall, however, preliminary correlation analysis would suggest that the choice of indicator will have profound implications on the product space analysis to follow. Product space analysis in Hidalgo et al. (2007) owes much of its appeal to the visual network analysis and graphs, which has helped popularizing its key findings to the broader public and to key stakeholders, such as developing country government agencies and the global and regional development institutions. To allow for a visual comparison with the enhanced product space proposed in this paper, we rely on Cytoscape (Shannon et al., 2003) , an open-source platform for complexnetwork analysis. 11 The layout of the space is achieved through the application of an iterative springembedded algorithm, which sorts through the whole set of product proximities computed at 4 digits HS. This yields a clustering of nodes (products) according to the relative intensities of the connecting edges (proximities). To achieve a rendition of the product space that is comparable to that of Hidalgo et al. (2007) , we drop proximities smaller than 0.60 and color-code products (nodes) according to the PRODY distribution, with quartiles as delimiters (percentiles no. 25, 50, and 75). Products with low per-capita GDP are colored green, the next-higher quartiles are light blue, dark blue, and red, respectively. To differentiate products' weight in world trade, the relative size of the nodes is made reflective of their total value shares.
Figures 2a and 2b show the Balassa-based product space, akin to the original approach in Hidalgo et al. (2007) . Figures 3a and 3b show the product space based on Lafay-RCA. China's and US' presence within both the product spaces is marked by nodes taking a triangular instead of a round shape. More markedly than in the Balassa-based graph, where products appear to be distributed more densely and uniformly, the Lafay space emphasizes the difficulties countries face when trying to diversify their trade away from products associated with the bottom two quartiles of the PRODY distribution and into to the upper two quartiles. Indeed, when horizontal intra-industry trade is duly 12 accounted for, the product space appears strongly dichotomized into two halves, roughly delineating a separation of products according to which below-median PRODY products are allocated in the bottom halve of the map, and above-median PRODY products are in the upper halve.
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In both the Balassa and the Lafay space, China is shown to occupy mainly the product categories associated with lower GDP per capita, whereas the opposite holds true for the US. 13 Both the spaces provide evidence that China has broken through the median barrier, with a trade profile that is well presented in the third quartile of the PRODY distribution. That is, even when intra-industry trade is duly accounted for, China's presence in the upper section of the Lafay space provides testimony to its successful crossing the thin bridge separating the trade profile of countries with above-median GDP per capita from those which lie below (Figure 4a) . However, at least in part,
China's occupancy of the upper section of the Lafay space is qualified by the likely bias deriving from our intra-industry measure's inability to fully capture China's central role within the Asian production networks. As an assembler of imported parts and components, China's exports embody foreign capabilities that go undetected in the intra-industry net trade measures but which likely play a significant part in explaining China's occupancy of the space that pertains to the source countries of those imported capabilities.
China's trade profile remains to be assessed in the three-dimensional product space, by distinguishing within-product differentiation according to unit value distributions. The rendition in print of a three-dimensional product space is problematic, hence we represent its main features as cumulative plots of the Lafay index, which are now drawn separately for low unit values ( Figure 4a) and for high unit values (Figure 4b ) in relation to China. Since unit value data are available for all the products in the data set, the cumulative graphs reflect China's position across the entire product space.
Product codes are now separated into high-and low-UV, according to whether China's net exports position as measured by the Lafay RCA falls above or below the median of the UV distribution in relation to any specific product (equations 7 and 8).
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The evidence with respect to China is striking. Across the entire array of products sorted according to increasing PRODY, China can be seen to specialize exclusively in low UVs (Figure 4a ), while it is clearly despecialized in high-UV products (Figure 4b ). The opposite is true for the US: the country specializes in the market segment of high-UV (Figure 5a ) and the reverse is true for the segment of low-UV products (Figure 5b ). In terms of the product space analogy with a forest, China can thus be thought of as occupying exclusively the lower segments of the trees, whereas the US is present mostly in the tree tops. This strongly qualifies the earlier finding, in relation to the bidimensional space, about China having conquered all but the highest PRODY-segment. While this is certainly true in terms of China's horizontal occupation of the space, the UV analysis highlights that the country has still a long way to go in order for it to reach those higher sections of the trees preemptively occupied by affluent countries like the US. Put differently, along the vertical dimension of the product space, China is still broadly relegated to the low-UV sections, in reflection of its trade profile still being in line with that of a developing country.
Further implications of the vertical product space analysis emerges from Tables 3a and 3b, which relate average UV proximities to inter-quartile distance in the productivity index PRODY.
Proximities are computed according to equation 8, for data taken at 4 digits (Table 3a ) and 6 digits (Table 3b ). HH denotes that both products are high-UV relative to the median, LL that both products are low-UV, and HL that one of the two products is high-UV and the other is low-UV. 14 Decreasing average proximity as inter-quartile distance increases confirms the earlier finding that products embodying similar levels of per-capita GDP are clustered together more closely in the product space.
More relevantly, however, both the HS4 and HS6 analysis in relation to any given inter-quartile distance of PRODY show that average proximity is lowest when one good is low-UV and the other is high-UV (the HL category). Put differently, the distance between products and with it a country's diversification constraints tend to be highest when they involve movements from the bottom of a product tree (low UV) to the top of another product tree (high UV) or vice versa.
14 5. CONCLUSIONS This paper extends the product space analysis in two dimensions. First, it introduces an RCA indicator based on net trade flows as the central measure of analysis. The product space is thus made reflective of intra-industry trade, which the empirical trade literature has long identified as a main characteristic of global trade patterns. Second, the product space is computed on the basis of unit values and not just value data, which makes it reflective of within-product differentiation. Again, available evidence points to the importance for such distinction to be made in order for the product space to capture a central pattern of world trade, which sees low-income countries consistently associated with lower unit-value exports.
We set out with the expectation that these extensions to the product space would be found to have a profound impact on the assessment of proximities among product categories and thus the capabilities they are assumed to embody. This expectation was fully met by the evidence arising out of the product space revisions, which were computed on the basis of a detailed HS trade data set at four and six digits of product classification and spanning over 144 countries. We highlight three main findings.
First, the product space is highly sensitive to changes to its fundamental measure of RCA.
The use of the Lafay measure of RCA, which rests on net trade flows to reflect intra-industry trade, profoundly alters the identification of products which countries trade in with comparative advantage.
Such change in the central unit of measurement underlying the product space analysis significantly alters its gauge of product proximities and, by implication, any inference made with regard to the capabilities embodied by individual products.
Second, the product space incorporating horizontal intra-industry trade assumes highly distinctive features compared to the original, exports-based approach. Most notably, the modified space appears dichotomized into two halves with medium-level productivity as a rough line of separation between the two. Accounting for intra-industry trade in product space analysis thus emphasizes more strongly the difficulty for countries to migrate their production structures from lowto high-capability products. For the case of China, however, our analysis confirms the findings based on the original product space analysis. The country seems indeed to have firmly established itself to 15 occupy the upper section of the product space, excluding only those products that are typically associated with the RCA profile of countries within the highest quartile of per capita GDP. The enhanced product space analysis thus emphasises China's achievements in expanding its trade profile by 2007, with only the highest PRODY products for it left to conquer. As mentioned above, at least in part this finding is qualified by the likely bias deriving from our intra-industry measure's inability to fully capture China's central role within the Asian production networks. As an assembler of imported parts and components, China's exports embody foreign capabilities that go undetected in the intraindustry net trade measures.
Third, however, the introduction of a unit value dimension-through the differentiation of products according to their unit value distributions-sharply qualifies the findings and implications arising out of product space analysis, which cannot be evinced along the two dimensions of the original product space approach by Hausmann and Klinger (2006) . In particular, a comparison between China and US in this UV-enhanced space shows a clear delineation of its occupancy by the two countries, with China's presence almost exclusively relegated to the low-UV products, and the US taking large sways of the high-UV segments. Notwithstanding China's horizontal conquests of the space, the country is shown to be facing remaining challenges for it to climb the space vertically, which puts its trade profile more in line with that typical of other developing countries. Note: HH denotes that both products are high-UV relative to the median, LL that both products are low-UV, and HL that one of the two products is high-UV and the other is low-UV.
PRODY = productivity index
Source: Author's calculations. Note: HH denotes that both products are high-UV relative to the median, LL that both products are low-UV, and HL that one of the two products is high-UV and the other is low-UV.
Source: Author's calculations.
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FIGURE 1A.
PRODY and Cumulated Lafay Index, HS 4-digits -China
GDPpc USD= Gross domestic product per capita in US dollars; HS = Harmonized System Source: Author's calculations.
FIGURE 1B.
PRODY and Cumulated Lafay Index, HS 4-digits -United States
GDPpc USD = Gross domestic product per capita in US dollars; HS = Harmonized System Source: Author's calculations. 
